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(57) ABSTRACT

Provided is a method of reforming a produced gas to reform
tar contained in the produced gas from a gasification furnace.
Quick lime comes in contact with a produced gas (3) from a
gasification furnace (2) in a reformer (1) such that the quick
lime absorbs carbon dioxide in the produced gas to generate
calcium carbonate, and reforming reaction of the tar is per-
formed with calcium as a catalyst using heat of reaction
emitted during that time. In addition, as the calcium carbonate
of'the reformer (1) is supplied and burnt in a reforming agent
regenerator (8), the quick lime is regenerated and supplied
into the reformer (1) again. According to the above configu-
ration, it is possible to provide a method and device for
reforming a produced gas that are capable of simplifying
equipment and operation thereof.
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1
METHOD AND DEVICE FOR REFORMING
PRODUCED GAS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a 35 U.S.C. §§371 national
phase conversion of PCT/JP2011/077190, filed Nov. 25,
2011, which claims priority to Japanese Patent Application
No. 2010-287618, filed Dec. 24, 2010, the contents of which
are incorporated herein by reference. The PCT International
Application was published in the Japanese language.

TECHNICAL FIELD

The present invention relates to a method and device for
reforming a produced gas that are capable of reducing tar
generated by low temperature gasification by using additional
relatively-small equipment.

BACKGROUND ART

Coal and other solid organic fuels are gasified to obtain a
high calorific fuel gas used as a fuel gas or a source gas.
Conventional gasification of coal or the like is performed at a
high temperature of about 1273 K (1000° C.) or more, and in
order to maintain the high temperature, combustion of some
of the fuel such as coal is needed by supplying air or the like
to combust some of the fuel such as coal or the like. As a
result, a calorific value per unit volume of a produced gas may
be decreased by mixing an exhaust gas due to the combustion
therewith.

Atthe same time, since fuel conversion efficiency from the
fuel to the produced gas is decreased, necessary fuel per
calorific value of the gasified gas is increased, and operating
cost needed for the gasification is increased. In addition, in
recent times, while gasification using high purity oxygen
instead of air has been performed in order to maximally
increase the calorific value of the produced gas, in this
method, since equipment for manufacturing oxygen is
needed, equipment cost and operating cost are further
increased.

Development of a technique of performing gasification at a
low temperature is performed as a method of solving these
problems. When the gasification is performed at the low
temperature, consumption of air or oxygen can be reduced,
and an increase in calorific value of the produced gas and a
corresponding increase in fuel conversion efficiency are
expected.

However, when the gasification is performed at the low
temperature, a large amount of tar is generated in the pro-
duced gas, and the conversion efficiency of the fuel into the
produced gas is decreased by the content of the tar. In addi-
tion, when the produced gas is used as a raw material for
chemosynthesis, the tar should be removed.

A method of cleaning the produced gas with water and
other solvents is generally employed in the related art as a
method of removing the tar in the produced gas.

However, in the method of cleaning the gas with a solvent
such as water, a large amount of drainage or waste liquid is
generated, and the drainage or waste liquid should be pro-
cessed. In addition, while the tar has a calorific value and can
be used as fuel, it is difficult to recover the tar from the cleaned
waste liquid, and accordingly, utilization efficiency of the fuel
is decreased by the content of the tar.

In order to solve the problems, reforming the produced gas
after the low temperature gasification at a high temperature
and further decomposing the tar into CO, H, or the like to use
them has been considered (see Patent Document 1 or the like).
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In addition, a gasification device in which, as a chemical
such as limestone (CaCO,) is supplied into a combustion
furnace filled with a bed material and an oxidant (air) is
supplied to combust char supplied from a gasification fur-
nace, heating of the bed material and burning (activation) of
the chemical are performed, and as the bed material and the
active chemical of the high temperature are supplied into a gas
puritying furnace, the tar of the produced gas introduced into
the gas puritying furnace from the gasification furnace is
reformed by an catalytic action of the active chemical, is
disclosed (see Patent Document 2 or the like).

CITATION LIST
Patent Documents

Patent Document 1: Japanese Unexamined Patent Applica-
tion, First Publication No. 2009-215387

Patent Document 2: Japanese Unexamined Patent Applica-
tion, First Publication No. 2007-16061

SUMMARY OF INVENTION
Technical Problem

However, as described in Patent Document 1, since the
reforming reaction should be performed at a high temperature
(a temperature higher than 1273 K=1000° C.), some of the
fuel is still combusted to obtain necessary heat. While the low
temperature gasification is performed to produce a high calo-
rie gas that can be used for a chemical raw material or the like
in many cases, as described above, the calorific value of the
produced gas is reduced when the reforming temperature is
maintained by combusting some of the fuel. In addition, when
air is used as a gas for combusting some of the fuel, the
produced gas is diluted by nitrogen contained in the air to
noticeably reduce the calorific value. Meanwhile, when the
decrease in calorific value is suppressed by combustion using
the pure oxygen, an oxygen manufacturing device and energy
for operating the device are needed.

In addition, when a reformer is configured to be used at a
high temperature of more than 1273 K (1000° C.), consider-
ation of a material and a structure of the reformer, and fusion/
adhesion of ash content due to the produced gas are needed,
and problems regarding safety or cost occur.

Further, in Patent Document 2, as the char is combusted in
the combustion furnace to perform heating of the bed material
and burning (activation) of the chemical, and the bed material
and the chemical of the high temperature are circulated in the
gas purifying furnace to control a temperature in the gas
puritying furnace at a temperature needed for gas purification
of 1073 K (800° C.) or more, reformation of the tar of the
gasified gas from the gasification furnace is performed, and
the gasification is performed by circulating, in the gasification
furnace, the bed material and the chemical having a tempera-
ture decreased in the gas purifying furnace. For this reason,
equipment becomes large and manipulation thereof becomes
relatively complex.

In addition, as another problem of Patent Document 2,
since the catalyst for reformation is circulated with the large
amount of fluidizing medium for transferring the heat and the
ash content contained in the coal, the concentration of catalyst
particles in the fluidized bed formed in the gas purifying
furnace is also self-limiting. Accordingly, the contact time of
molecules of the tar with the catalyst particles is limited, and
the decomposition efficiency of the tar should be restricted.
Meanwhile, in order to increase the contact time, when a
fluidized bed capacity in the gas purifying furnace is
increased, not only is the gas purifying furnace itself
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increased in size but a structure for supporting the weight of
the increased fluidizing medium is increased in size.

In addition, in Patent Document 2, since the catalyst for the
reformation and the ash content contained in the coal are
mixed, alkaline component (mainly, calcium), which is a
main component of the catalyst, and an acidic component
(silica or alumina) in the coal ash may be reacted to decrease
the catalytic effect.

In consideration of the problems in the related art, the
present invention provides a method and device for reforming
a produced gas that are capable of reducing tar generated by
low temperature gasification by using additional relatively-
small equipment.

Solution to Problem

The present invention relates to a method of reforming a
produced gas configured to reform tar contained in the pro-
duced gas from a gasification furnace. In the method, calcium
carbonate is generated in a reformer by bringing the produced
gas from the gasification furnace in contact with quick lime so
that the quick lime absorbs carbon dioxide in the produced
gas, and a reforming reaction of the tar is performed with
calcium as a catalyst using heat generated when the calcium
carbonate is generated. In addition, the calcium carbonate in
the reformation device, auxiliary fuel, and air are supplied
into a reforming agent regenerator to form a fluidized bed, the
calcium carbonate is burnt using heat by combustion of the
auxiliary fuel to return the calcium carbonate to the quick
lime, and the quick lime is supplied into the reformer.

In the method of reforming the produced gas, in the
reformer, the reforming reaction of the tar may be performed
using, in addition to the heat generated when the calcium
carbonate is generated from the quick lime, heat generated
when the carbon dioxide is generated through reaction
between carbon monoxide and moisture in the produced gas.

In addition, in the method of reforming the produced gas,
steam may be reacted with the quick lime burnt by the reform-
ing agent regenerator to obtain slaked lime having high activ-
ity, and the quick lime may be obtained by heating and dehy-
drating the slaked lime and supplied into the reformer.

Further, in the method of reforming the produced gas,
steam may be reacted with a part ofthe quick lime burnt by the
reforming agent regenerator to obtain the slaked lime having
high activity, and the slaked lime may be supplied into the
reformer together with the quick lime burnt by the reforming
agent regenerator.

Furthermore, in the method of reforming the produced gas,
oxygen may be supplied, instead of air, into the reforming
agent regenerator, a gas containing high concentration carbon
dioxide may be generated in the reforming agent regenerator
by burning the calcium carbonate with the oxygen, and the
carbon dioxide may be recovered from the generated gas.

In this case, a part of a regenerated off-gas from the reform-
ing agent regenerator may be mixed with the oxygen supplied
into the reforming agent regenerator. Further, a part of the
regenerated off-gas from the reforming agent regenerator and
the steam may be mixed with the oxygen supplied into the
reforming agent regenerator. In the case of the latter, the
regenerated off-gas from the reforming agent regenerator
may be cooled to the condensation temperature of the steam
or less.

In addition, in the method of reforming the produced gas,
the reformer may introduce and reform the produced gas from
a 2-tower type gasification furnace operated at a normal pres-
sure.

Further, the present invention relates to a device for reform-
ing a produced gas configured to reform tar contained in the
produced gas from a gasification furnace. The device
includes: a reformer configured to generate calcium carbon-
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ate by introducing the produced gas from the gasification
furnace into the reformer and bringing the produced gas in
contact with quick lime so that the quick lime absorbs carbon
dioxide in the produced gas, and perform a reforming reaction
of the tar with calcium as a catalyst using reaction heat gen-
erated when the calcium carbonate is generated; and a reform-
ing agent regenerator configured to introduce the calcium
carbonate in the reformer, auxiliary fuel, and air to form a
fluidized bed, return the calcium carbonate to the quick lime
by burning the calcium carbonate using heat by combustion
of the auxiliary fuel, and supply the quick lime into the
reformer again.

The device for reforming the produced gas may have a
reforming agent activation device configured to introduce the
quick lime burnt by the reforming agent regenerator, obtain
slaked lime having high activity by reaction of steam with the
quick lime, and continuously, obtain the quick lime obtained
by heating and dehydrating the slaked lime, and supply the
quick lime to the reformer.

In addition, the device for reforming the produced gas may
have a reforming agent activation device configured to allow
steam to react with a part of the quick lime burnt by the
reforming agent regenerator to obtain the slaked lime having
high activity, and supply the slaked lime into the reformer
together with the quick lime burnt by the reforming agent
regenerator.

Further, the device for reforming the produced gas may
have an oxygen supply device configured to supply oxygen,
instead of air, into the reforming agent regenerator, auxiliary
fuel may be combusted with the oxygen, and the carbon
dioxide may recovered from a produced gas containing high
concentration carbon dioxide which is obtained by burning
calcium carbonate using heat by combustion of the with the
auxiliary fuel.

Inthis case, a part of a regenerated off-gas from the reform-
ing agent regenerator may be mixed with the oxygen supplied
into the reforming agent regenerator. Further, a part of the
regenerated off-gas and the steam from the reforming agent
regenerator may be mixed with the oxygen supplied into the
reforming agent regenerator. In the case of the latter, the
regenerated off-gas from the reforming agent regenerator
may be cooled to the condensation temperature of the steam
or less.

In addition, in the device for reforming the produced gas,
the reformer may be connected to a 2-tower type gasification
furnace operated at a normal pressure.

Advantageous Effects of Invention

According to the method and device for reforming a pro-
duced gas, since the reforming reaction of the tar is performed
with calcium as a catalyst using heat generated when the
quick lime absorbs the carbon dioxide in the produced gas to
generate calcium carbonate in the reformer, the reformation
of'the produced gas can be performed at a lower temperature
than in the conventional reformation device. Accordingly, a
reduction of calorific value of the produced gas can be sup-
pressed by reducing supply of the oxygen or the like to
increase the temperature or by suppressing consumption of
the produced gas without supply of the oxygen or the like.

In addition, the reduction of calorific value of the produced
gas can also be suppressed by decomposing the tar into a gas
containing CO and H, as main components.

Further, the quick lime is regenerated by supplying the
calcium carbonate in the reformer into the reforming agent
regenerator and burning the calcium carbonate, and the regen-
erated quick lime is supplied into the reformer again to per-
form the reformation of the tar. Accordingly, the continuous
reformation operation can be stably performed.
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Furthermore, while the quick lime obtained by repeating
the burning in the reforming agent regenerator has a densified
crystalline structure and decreased activity, the steam is
reacted with the quick lime to loosen the dense structure to
return the quick lime to the slaked lime having recovered
activity, and the slaked lime is supplied into the reformer.
Accordingly, stable reformation can be performed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram showing an example of a device
for reforming a produced gas of the present invention; and

FIG. 2 is a block diagram when a batch processing method
is employed, in the case in which a reforming agent after
reproduction is activation-processed.

DESCRIPTION OF EMBODIMENTS

Hereinafter, an example showing an embodiment of the
present invention will be described.

FIG. 1 is a block diagram showing an example of a device
for reforming a produced gas of the present invention. In FIG.
1, reference numeral 1 designates a reformer. A produced gas
3 generated in a gasification furnace 2 is introduced in the
reformer 1, and the reformer 1 reforms tar contained in the
produced gas 3. Since H,, CO, CO,, H,0, tar (H, C), and so
on are mixed in the produced gas from the gasification fur-
nace 2, when gasification is performed at a low temperature in
the gasification furnace 2, the amount of tar contained in the
produced gas 3 is increased.

Quick lime (CaO) is supplied into the reformer 1 as a
reforming agent (catalyst) for assisting reformation of the tar.
In addition, as the produced gas 3 from the gasification fur-
nace 2 is introduced from a lower side of the reformer 1, a
fluidized bed is formed to bring the quick lime in contact with
the produced gas 3. Accordingly, the quick lime absorbs
carbon dioxide (CO,) in the produced gas to generate calcium
carbonate (CaCO;) (exothermic reaction), and a temperature
of 873 to 1073 K (600 to 800° C.) is maintained by heat of
reaction at that time to perform reforming reaction of the tar
using calcium in the quick lime as a catalyst. When a 2-tower
type gasification furnace 20 is used as the gasification furnace
2, in the 2-tower type gasification furnace 20, the gasification
can be performed at a normal pressure, and the temperature of
the produced gas 3 derived from the 2-tower type gasification
furnace 20 is about 973x50 K. While a peak value of the
produced gas of 2-tower type gasification is 1023 K (973
K+50K=1023 K) and an upper limit of the temperature in the
2-tower type gasification furnace 20 is 1073 K, since +50 K is
within a range that can be sufficiently obtained in the reaction
in which the quick lime absorbs the carbon dioxide, it is
possible to appropriately perform the reformation.

In addition, since the heat of reaction is generated even
when carbon monoxide (CO) and steam (H,O) in the pro-
duced gas 3 are reacted to generate carbon dioxide (CO,), this
heat of reaction can also be used for the reforming reaction of
the tar. Here, when moisture in the produced gas 3 is insuffi-
cient, steam 5 from a steam source 4 may be added to the
produced gas 3.

After dust or the like is moved by a dust collector 6, the
produced gas 3 in which the tar is modified by the reformer 1
is extracted as a product gas 7.

Since the quick lime may be changed into calcium carbon-
ate through the reformation process in the reformer 1 and
some of the carbon content in the tar may be adhered to a
surface of the reforming agent as solid carbon by the decom-
position of the tar, regeneration of the reforming agent is
needed to perform continuous reformation of the produced
gas 3. For this reason, a reforming agent regenerator 8 con-
figured to perform regeneration in which calcium carbonate is
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returned to the quick lime by introducing the calcium carbon-
ate from the reformer 1 into the reforming agent regenerator
8 and burning the calcium carbonate, and supply the regen-
erated quick lime to the reformer 1 again is provided.

Calcium carbonate from the reformer 1 is introduced into
the reforming agent regenerator 8. In addition, as air 12 from
an air supply device 11 is introduced from a lower portion of
the reforming agent regenerator 8 to form the fluidized bed
and an auxiliary fuel 14 from an auxiliary fuel supply device
13 is supplied to the reforming agent regenerator 8 to main-
tain a temperature in the reforming agent regenerator 8 of
1173+50 K, calcium carbonate is burnt to be regenerated as
quick lime. Then, the regenerated quick lime is returned to the
reformer 1. Here, since the fluidized bed is formed in the
reformer 1 and the reforming agent regenerator 8, delivery of
the calcium carbonate and the quick lime between the
reformer 1 and the reforming agent regenerator 8 using an
overflow type can be smoothly performed.

When the regeneration is performed by supplying the air 12
into the reforming agent regenerator 8 and combusting the
auxiliary fuel 14, carbon dioxide (CO,) discharged by the
burning of the calcium carbonate is diluted by nitrogen in the
air and extracted as a regenerated off-gas containing the car-
bon dioxide (CO,) of low concentration. However, in recent
times, in consideration of reduction in discharge of carbon
dioxide, for which necessity is increasing, the regeneration of
the reforming agent may be performed using an oxygen com-
bustion technique.

That is, a pathway configured to supply oxygen 10 from an
oxygen manufacturing device 9 is formed, a regenerated oft-
gas circulation pathway 18 configured to extract some of a
regenerated off-gas of the reforming agent regenerator 8 by a
blower 17 is added, and the auxiliary fuel 14 is combusted by
a gas in which an oxygen concentration is adjusted by the
oxygen 10 from the oxygen manufacturing device 9 and the
regenerated off-gas from the regenerated off-gas circulation
pathway 18, thereby performing the regeneration of the cal-
cium carbonate. As a result, since the regenerated off-gas
discharged by the burning of the calcium carbonate contains
carbon dioxide of high concentration, the carbon dioxide can
be easily recovered by a carbon dioxide recovery device 19.

However, when the regeneration of the reforming agent is
performed by applying the oxygen combustion technique, the
regeneration of the reforming agent is performed under a high
concentration carbon dioxide atmosphere. It has been con-
firmed that the regeneration reaction of the reforming agent,
specifically, the reaction of burning and regenerating the cal-
cium carbonate into the quick lime, is inhibited by the carbon
dioxide in the atmospheric gas, and in particular, at the carbon
dioxide concentration of about 100%, the regeneration cannot
proceed due to a strong inhibitory effect when the burning
temperature does not further increase. It has been known that
the increase in burning temperature is disadvantageous in
energy as described above, the compactness of the crystal of
the quick lime generated by the burning is increased, and
carbon dioxide absorption performance is noticeably
decreased.

In order to solve the problem of the reforming agent regen-
eration under the high concentration carbon dioxide atmo-
sphere, suppression of the carbon dioxide concentration to a
certain level or less is effective, but when the carbon dioxide
concentration is suppressed to a low level, recovery of the
carbon dioxide becomes difficult. As a method of decreasing
the carbon dioxide concentration in the reforming agent
regenerator and realizing the carbon dioxide recovery, dilu-
tion by steam is effective. Inthe example of FIG. 1, in addition
to the oxygen 10 supplied from the oxygen manufacturing
device 9 and re-circulated and regenerated off-gas from the
regenerated off-gas circulation pathway 18, the steam 5 sup-
plied from the steam source 4 is mixed therewith, and sup-
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plied into the reforming agent regenerator 8. Here, as the
carbon dioxide concentration in the gas supplied into the
reforming agent regenerator 8 is controlled by controlling the
amount of the steam 5, the regeneration of the reforming
agent can be realized at a temperature of 117350 K.

Meanwhile, while the carbon dioxide concentration of the
regenerated off-gas is decreased by supply of the steam 5,
since the main components of the regenerated off-gas are the
carbon dioxide and the steam, the steam is removed by merely
cooling the regenerated off-gas to a condensation temperature
of the steam or less. As a result, the concentration of the
carbon dioxide can be increased to a high level, and it is
thereby possible to make the gas to have a composition in
which the carbon dioxide can be easily recovered. A substan-
tial amount of carbon dioxide generated in the reforming
agent regenerator 8 may be branched and supplied into the
carbon dioxide recovery device 19, and the most part of the
regenerated off-gas is re-circulated to the reforming agent
regenerator 8. Here, since the most of the steam 5 supplied
into an inlet of the reforming agent regenerator 8 is re-circu-
lated together with the regenerated off-gas, the amount of
steam supplied into the inlet of the reforming agent regenera-
tor 8 may be set such that the sum of the amount of steam
supplied into the inlet of the reforming agent regenerator 8
and the amount of steam contained in the re-circulated oft-gas
satisfies the amount needed for control of the carbon dioxide
concentration.

A crystalline structure of the quick lime obtained by
repeating the burning in the reforming agent regenerator 8 is
densified to reduce the activity thereof. For this reason, a
reforming agent activation device 15 configured to introduce
the quick lime burnt by the reforming agent regenerator 8 and
supply the steam 5 from the steam source 4 is provided. In this
case, in the reforming agent activation device 15, the steam 5
is reacted with the densified quick lime to change the quick
lime into slaked lime (Ca(OH),) in which the crystalline
structure of the quick lime is loosened and the activity is
increased, and the slaked lime is supplied to the reformer 1. In
the reforming agent activation device 15, the activation can be
continuously performed by extracting some of the quick lime
burnt by the reforming agent regenerator 8 and the slaked lime
can be supplied to the reformer 1. Here, the quick lime
directly supplied from the reforming agent regenerator 8 and
the slaked lime supplied from the reforming agent activation
device 15 are mixed and supplied into the reformer 1 as a
reforming agent. While both of the quick lime and the slaked
lime can absorb the carbon dioxide, a calorific value gener-
ated when absorbing the carbon dioxide is larger in the quick
lime. Accordingly, it is considered that when a ratio of the
slaked lime in the reforming agent supplied into the reformer
1 is increased, the calorific value generated when the reform-
ing agent absorbs CO, is reduced, and the temperature con-
dition of the reformer 1 may not be maintained.

It will be appreciated that, when the absorption and the
regeneration of the carbon dioxide are repeated, while the
carbon dioxide absorption capacity of the reforming agent is
gradually decreased, the decrease is not so abrupt that the use
thereof becomes difficult through one repetition, and the
reforming agent can endure several repetitions. Accordingly,
activation processing of the circulated reforming agent may
be performed every several repetitions. That is, the carbon
dioxide absorption activity of the reforming agent can be
maintained at a certain level or more by branching one n? of
the reforming agent after the regeneration, introducing the
branched reforming agent into the reforming agent activation
device 15, and reacting the introduced reforming agent with
the steam 5 to form the slaked lime having high activity. A
branching ratio of the reforming agent after the regeneration
may be set such that a level of necessary absorption activity
can be maintained.
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In addition, as described above, in order to solve the prob-
lem in which the calorific value is reduced as the slaked lime
absorbs the carbon dioxide in the reformer 1, a dry gas 21 of
673 K or more formed of air or nitrogen from a dry gas supply
device 20 is supplied into the reforming agent activation
device 15, the slaked lime obtained by reaction of the steam 5
with the quick lime in the reforming agent activation device
15 is dehydrated with the dry gas 21 to return the slaked lime
to the quick lime, and the quick lime is supplied to the
reformer 1. Accordingly, insufficiency of the heat of reaction
in the reformer 1 can be solved. As is described above, the
temperature of the reformer 1 can be adjusted by selecting an
optimum point to adjust a branching fraction of the reforming
agent after the regeneration introduced into the reforming
agent activation device 15.

When the gasification furnace 2 uses steam as a gasifying
agent, while the reforming reaction in the reformer 1 can
progress with only the steam remaining in the produced gas 3,
since the reaction cannot easily progress when the steam
concentration (the partial pressure) is decreased by the
reforming reaction, the steam 5 may be added and supplied
according to the necessity. Here, when the gasification fur-
nace 2 uses the steam generated by the heat exchanger or the
like configured to recover the exhaust heat as the gasifying
agent and the steam in the gasification furnace 2 has remain-
ing power, this steam may be used in the reformer 1. However,
the steam for the reforming reaction should be overheated.
Accordingly, in consideration of the case in which the steam
of the gasification furnace 2 has no remaining power, the
steam source, the superheater, and so on, may be indepen-
dently provided.

Next, an operation of the example will be described.

The reason for using the quick lime (CaO) as the reforming
agent is not only that the quick lime can be used as a catalyst
but that the heat is generated when CaO absorbs CO, in the
produced gas 3 to become CaCO; and the heat is used as
energy for the reforming reaction, which is an endothermic
reaction. The main reaction in the reformer 1 is as follows.
That is, heat of reaction AT, of Formula (1) and heat of
reaction AT, of Formula (2) are used in the reforming reaction
of Formula (3).

Shift Reaction

CO+HL,0——CO,+H,+AT), o)

CO, Absorption Reaction

Ca0+CO,——>CaCO4+AT,, 2

Reforming Reaction

C,H,,(tar)+»H,O+(Heat input of AT,

and AT,)—=»nCO+(Y2:(m+2n)mH,), 3)

While the reforming reaction progresses even at 873 K
(600° C.), a time consumed while the produced gas 3 passes
through the reformer 1 is from about several seconds to over
ten seconds according to the scale of the device, and in order
to substantially completely decompose the tar contained in
the produced gas 3 into CO or H, during this time, it is
preferable to set the temperature to about 923 K (650° C.) or
more, and if possible, 973 K (700° C.) or more. However,
since the calorific value when CaO absorbs CO, is limited, the
too high temperature is not particularly preferable. The linear
velocity when the produced gas 3 passes through the reformer
1is setto be smaller within a fluidal range, and if possible, the
thickness (the layer height) of the fluidized bed is set to be
larger. Since the layer height exerts an influence on the pres-
sure loss of the reformer 1, optimization of both the gas flow
velocity, which is a factor of the reaction rate, and the tem-
perature and the residence time of the produced gas 3 (the
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contact time between the produced gas and the reforming
agent), and the layer height of the fluidized bed is ultimately
considered.

As described above, as the reforming is performed using
the quick lime (CaO) as the catalyst and the reforming reac-
tion of the tar is increased using heat generated when the
quick lime absorbs the carbon dioxide in the produced gas to
generate the calcium carbonate, the reformation of the pro-
duced gas can be performed at a lower temperature than that
of the conventional reformation device. Accordingly, as sup-
ply of oxygen or the like for increasing the temperature is
reduced or consumption of the produced gas is suppressed
without supply of the oxygen or the like, a decrease in calo-
rific value of the produced gas can be suppressed. In addition,
as the tar can also be decomposed by a gas containing CO and
H, as main components, a decrease in calorific value of the
produced gas can be suppressed.

The calcium carbonate (CaCOy) continuously discharged
from the reformer 1 and transported to the reforming agent
regenerator 8 is burnt in the reforming agent regenerator 8 at
a temperature of more than 1073 K (800° C.) and less than
1273 K (1000° C.) to return the calcium carbonate to the
quick lime (Ca0), and the quick lime is transported to the
reformer 1 again. A main reaction in the reforming agent
regenerator 8 is as follows.

Burning Reaction=FEndothermic Reaction (Burning of
Reforming Agent)

CaC0,—Ca0+CO,, )

Combustion Reaction of Fuel=Exothermic Reaction
(Hydrogen as Fuel is Omitted)

C(as Fuel)+O,—=CO,, (5)

Since a large amount of heat absorption accompanies
regeneration of the quick lime in the reforming agent regen-
erator 8, regeneration of the quick lime is performed by sup-
ply of the auxiliary fuel 14 configured to maintain the inside
of'the reforming agent regenerator 8 at a high temperature and
supply of the air 12 or the oxygen 10 for combustion of the
fuel, and the calorific value needed to discharge CO, from
CaCO, is stored in CaO as chemical energy, the chemical
energy is served as energy upon the reforming reaction in the
reformer 1.

It is preferable to use a gas or liquid fuel that gasifies easily,
not containing ash content (mineral), as the auxiliary fuel 14
used upon the regeneration. Use of the fuel containing the ash
content may also be possible by periodically exchanging the
reforming agent with a new one or occasionally exchanging
some of the reforming agent with a new one.

When the quick lime (CaO), which is the reforming agent,
is repeatedly used, the absorption activity of CO, is
decreased. As a method of recovering the absorption charac-
teristics of CO,, some of the circulated quick lime is extracted
from the reforming agent regenerator 8, and new quick lime
of the same amount as the extracted quick lime is supplied
into the reforming agent regenerator 8 as an introduction
reforming agent 16. However, since it is confirmed that the
activity of the quick lime is decreased by repeating the regen-
eration several times and the quick lime after use which is
wasted simultaneously with the supply of the new quick lime
become a large amount, it may not be established as a process.

In addition, it is known that when the quick lime having
decreased activity is reacted with the steam 5 to convert CaO
into the slaked lime (Ca(OH),) once, and then CaO is dehy-
drated through re-heating by supply of the dry gas 21, the
activity of CaO is recovered to some extent. Here, in the
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present embodiment, the quick lime having the decreased
activity from the reforming agent regenerator 8 is introduced
into the reforming agent activation device 15 and is activated,
and the activated CaO is supplied into the reformer 1. Accord-
ingly, CaO, which is the reforming agent, can be used for a
long time.

The following reaction formula (6) shows the reaction in
the reforming agent activation device 15. The quick lime
discharged from the reforming agent regenerator 8 is reacted
with the steam to become the slaked lime, and at the same
time, heat of reaction AT; is generated.

Hydration Reaction of Quick Lime

Ca0+H,0«—Ca(OH),+AT;, (6

While the reaction of Reaction Formula (6) is varied by a
steam partial pressure (a value obtained by multiplying the
pressure upon the reaction and the steam concentration in the
reaction gas), the reaction progresses rightward at the low
temperature and the reaction progresses leftward at the high
temperature with respect to about 773 K (500° C.) upon the
steam of 100%. Accordingly, a temperature substantially
lower than 773 K is selected as the temperature in the reform-
ing agent activation device 15. That is, the temperature in the
reforming agent activation device 15 is set to a temperature
that does not reach 773 K even when the temperature is
increased by the heat of reaction AT, of Reaction Formula (6).

Meanwhile, while the reforming agent that becomes the
slaked lime by Reaction Formula (6) in the reforming agent
activation device 15 is supplied into the reformer 1, as
described above, the reformer 1 is used at a temperature of
873 K or more, which is under the temperature condition in
which the reaction of Reaction Formula (6) progresses left-
ward. That is, the slaked lime supplied into the reformer 1 is
rapidly changed from the slaked lime (Ca(OH),) of the right
side to the CaO of the left side in Reaction Formula (6), and
at the same time, heat corresponding to the heat of reaction
ATj; is absorbed.

In the reformer 1, while the heat of AT, and AT, is gener-
ated by Reaction Formula (1) and Reaction Formula (2) as
described above to obtain the heat needed for the reformation
of the tar, as the reaction in which the slaked lime returns to
the quick lime as described above simultaneously occurs
therewith, heat of AT for progressing Reaction Formula (6)
leftward is subtracted from the heat of AT, +AT, to be used for
the reformation of the tar, and thus heat needed for the refor-
mation of the tar becomes insufficient.

Fortunately, since a ratio of the reforming agent supplied
into the reforming agent activation device 15 among the
reforming agent after the regeneration discharged from the
reforming agent regenerator 8 is small and the most part of the
reforming agent supplied into the reformer 1 is the quick lime
(Ca0), the heat needed when Reaction Formula (6)
progresses leftward is smaller than the heat obtained by Reac-
tion Formula (1) and Reaction Formula (2), and the influence
on the temperature of the reformer 1 is reduced.

In addition, in the present invention, as the characteristics
in which CaO absorbs CO, upon the reforming reaction in the
reformer 1 are used, absorption of CO, becomes possible. CO
is contained in the produced gas 3, and CO, is generated when
the produced gas 3 is supplied into the reformer 1. In order to
actively absorb CO,, together with the produced gas 3, the
steam 5 is supplied into the reformer 1 such that the steam
concentration becomes about 50% in a gas composition after
the mixing. When CO, is actively absorbed, the steam 5 is
supplied into the reformer 1 such that the steam concentration
becomes about 50%. However, when only the tar reformation
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is performed in the reformer 1, the steam 5 may be supplied
such that the steam concentration becomes less than 50%.
The reaction of absorbing CO, in the produced gas 3
progresses in the reformer 1. As a result, a balance of the
composition of H,, CO, CO, and H,O collapses, a shift reac-
tion of Formula (1) progresses, and CO, which is not inher-
ently absorbed, is also resultantly absorbed such that only the
hydrocarbon, which is not involved in the reaction with H,,
remains.

12
supplied into the reformer 1 by the pathway 22, when it is
determined that activation of the CaO is needed, all of the
CaO after regeneration discharged from the reforming agent
regenerator 8 is supplied and received into the one reforming
agent activation device 15A through the flow path 23 by
switching the valve 25, and during that time, the reforming
agent (CaO) accumulated through the activation processing
in the other reforming agent activation device 15B is supplied

Further, the reforming agent regenerator 8 may be consti- 10 into the reformer 1, thereby maintaining a function of the
tuted by ? filosffd system. ;rltlliltt 18, asda system of recycling the reformer 1. A predetermined amount of CaO is accumulated
;ffglfﬁz gxy?ger-lgzlsagsgciuriifg szicog};%inus(ggrfo rOZI}l]gof(? in the reforming agent activation device 15A into which the
dation gas needed to combust the auxiliary fuel 14 for the CaQ 1s. recelve.d, and at the same.: time, the refo.rmlng ager.lt
regeneration, the regenerated off-gas may be CO, gas having 15 activation device 15B from which the reforming agent is
a high purity of about 100%, and accordingly, the system can supplied into the reformer 1 becomes empty. Accordingly, the
be changed into a CCS system for compressing and storing steam is supplied into the reforming agent activation device
the r egener ated off-ga; asitis. ) ) 15A, in which the predetermined amount of CaO is accumu-
C I(t)ls ki%ownttlh at, while the rteei%t;%ntoflbllér;n Igg(gg()cf)3 91882 . lated, the steam is reacted with the CaO to become the slaked

a0 sufficiently progresses a 0 0 . . .
C.) in the air, the temperature needed for the reaction is lime to attenuate the crystalline structure, the dry gas 21 is
increased in the gas atmosphere having high CO, concentra- supplied 50 that th.e .slaked hme.: returns to the Ca0, and thus
tion. This is caused by an influence on the CO, partial pres- the absorption activity of CO, is recovered.
sure in the gas in the reforming agent regenerator 8. However, In addition, when it is determined that the activation of
lsillggisricszjﬁroygefcfgg:fggrggs dlzfjfigit Vf:silﬁ?étﬂigeeﬁg Iflhg 25 (a0 is needed again, the valve 25 is switched such that all of
is alternatively added. Si tip dd (11) t ’ b the CaO after regeneration is received in the other reforming
is alternatively added. Since the added steam can be con- s :
densed and rgmoved when the steam is somewhat cooled agent ac tivation device 15B through the flow path 2‘." and the
during the process of compressing the off-gas, the influence reforming agent (CaO) accumulated in the reforming agent
on the CO, recovery can be reduced ’ 30 activation device 15A through the activation processing is

5 . L

FIG. 2 is a block diagram when a batch processing method supp?led into the reformer 1. o ) )
is employed, in the case in which a reforming agent after h 18 }(nown that the slaked lime is easily changed into the
reproduction is activation-processed. That is, in the case of qulck 1.1me at 673 K (400° C.) to 823 K (550° C.) under a dry
FIG. 2, two reforming agent activation devices 15A and 15B condition lower than the atmospheric pressure, and refine-
are connected to a pathway 22 configured to supply CaO 35 ment of'the cqstal does not occur at such a temperature. For
burnt by the reforming agent regenerator 8 into the reformer  this reason, high carbon dioxide absorption activity after the
1 via two flow paths 23 and 24. In FIG. 2, reference numeral activation processing is maintained by the heating dehydra-
25 designates a valve configured to perform switching to the tion.
reforming agent activation devices 15A and 15B. The following Table shows a switching pattern of an opera-

In general, while the reforming agent (CaO) after regen- 40 tion according to the batch processing method, and the opera-
eration from the reforming agent regenerator 8 is directly tion is performed according to the following steps.

TABLE 1
Flow of Reforming agent 1 Cycle
Regenerator 8 — a b c d e f g
Reformer 1 (Directly) ?
T
Activation | Supply: Supply Supply
Device Regenerator Activation Standby
15A 83— Dehydration | | [777TTTTTTTTTTTTTTTTTT
Activation Discharge
Device 15A
Discharge:
Activation
Device 15A —
Reformer 1
Activation | Supply: | Standby
Device Regenerator Supply
15B 83— Activation
Activation Dehydration
Device 15B Discharge Discharge
Discharge:
Activation
Device 15B —
Reformer 1




US 9,150,798 B2

13

a: Upon the normal operation, the reforming agent after
regeneration regenerated and discharged from the regenerator
8 is directly supplied into the reformer 1.

b: When the activation processing of the reforming agent is
needed, the valve 25 is switched at an outlet of the regenerator
8 such that all of the discharged reforming agent is supplied
into the activation device 15A.

During this time, since supply of the reforming agent from
the regenerator 8 to the reformer 1 is interrupted, the reform-
ing agent accumulated after completion of the activation pro-
cessing in the activation device 15B is supplied into the regen-
erator 8, and the operation is continued.

c¢: The reforming agent supplied into the activation device
15A is reacted with the steam to generate the slaked lime.

During this time, the reforming agent regenerated in the
regenerator 8 is directly supplied into the reformer 1.

The activation device 15B stands by in an empty state.

d: The gas supplied into the activation device 15A is
changed from the steam to the dry gas 21 of air or nitrogen, the
temperature is increased to perform dehydration of the slaked
lime (reverse reaction of the reaction with the steam), and
processing of returning to the quick lime is performed.

During this time, the reforming agent regenerated in the
regenerator 8 is directly supplied into the reformer 1.

The activation device 15B continuously stands by.

e: When the activation processing of the reforming agent is
needed, the valve 25 is switched at the outlet of the regenera-
tor 8 such that all of the discharged reforming agent is sup-
plied into the activation device 15B.

During this time, since supply of the reforming agent from
the regenerator 8 to the reformer 1 is interrupted, the reform-
ing agent after the activation processing and dehydration
processing in the activation device 15A is supplied into the
reformer 1, and the operation is continued.

f: The reforming agent supplied into the activation device
15B is reacted with the steam to generate the slaked lime.

During this time, the reforming agent from the regenerator
8 is directly supplied into the reformer 1.

The activation device 15A stands by in an empty state.

g: The gas supplied into the activation device 15B is
changed from the steam 5 to the dry gas 21 of air or nitrogen,
the temperature is increased to perform dehydration of the
slaked lime (reverse reaction of the reaction with the steam),
and processing of returning the quick lime is performed.

During this time, the reforming agent regenerated in the
regenerator 8 is directly supplied into the reformer 1.

The activation device 15A continuously stands by.

The above-mentioned steps b to g serve as one cycle of the
reforming agent activation processing. In the reforming agent
activation processing, steps b to g are repeated, and a standby
for time adjustment between the dehydration and the dis-
charge of the activation devices 15A and 15B is also provided
according to the status of a decrease in performance of the
reforming agent.

The method and device for reforming a produced gas of the
present invention is not limited to the above-mentioned
example, but various modifications can be made without
departing from the spirit of the present invention.

INDUSTRIAL APPLICABILITY

According to the present invention, it is possible to provide
a method and device for reforming a produced gas that are
capable of reducing tar generated by low temperature gasifi-
cation by using additional relatively-small equipment.

REFERENCE SIGNS LIST

1: reformer
2: gasification furnace
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14
3: produced gas
4: steam source
5: steam
8: reforming agent regenerator

9: oxygen manufacturing device

10: oxygen

12: air

14: auxiliary fuel

15, 15A, 15B: reforming agent activation device
20: 2-tower type gasification furnace

The invention claimed is:

1. A method of reforming a produced gas configured to
reform tar contained in the produced gas from a gasification
furnace, the method comprising:

generating calcium carbonate in a reformer by bringing the

produced gas from the gasification furnace in contact
with quick lime so that the quick lime absorbs carbon
dioxide in the produced gas, performing a reforming
reaction of the tar with calcium as a catalyst using reac-
tion heat generated when the calcium carbonate is gen-
erated,

supplying the calcium carbonate in the reformer, auxiliary

fuel, and air into a reforming agent regenerator to form a
fluidized bed, returning the calcium carbonate to the
quick lime by burning the calcium carbonate using heat
by combustion of the auxiliary fuel, and supplying the
quick lime into the reformer, and wherein steam is
reacted with a part of the quick lime burnt by the reform-
ing agent regenerator to obtain slaked lime having high
activity, and the slaked lime is supplied into the reformer
together with the quick lime burnt by the reforming
agent regenerator.

2. The method of reforming the produced gas according to
claim 1, wherein, in the reformer, the reforming reaction of
the tar is performed using, in addition to the heat generated
when the calcium carbonate is generated from the quick lime,
heat generated when the carbon dioxide is generated through
reaction between carbon monoxide and moisture in the pro-
duced gas.

3. The method of reforming the produced gas according to
claim 1, wherein steam is reacted with the quick lime burnt by
the reforming agent regenerator to obtain slaked lime having
high activity, and continuously, the quick lime is obtained by
heating and dehydrating the slaked lime and supplied into the
reformer.

4. The method of reforming the produced gas according to
claim 1, wherein oxygen is supplied, instead of air, into the
reforming agent regenerator, the auxiliary fuel is combusted
with the oxygen, a gas containing high concentration carbon
dioxide is generated in the reforming agent regenerator by
burning the calcium carbonate using heat by combustion of
the auxiliary fuel, and the carbon dioxide is recovered from
the generated gas.

5. The method of reforming the produced gas according to
claim 4, wherein a part of a regenerated off-gas from the
reforming agent regenerator is mixed with the oxygen sup-
plied into the reforming agent regenerator.

6. The method of reforming the produced gas according to
claim 5, wherein steam is further mixed with the oxygen
supplied into the reforming agent regenerator.

7. The method of reforming the produced gas according to
claim 6, wherein the regenerated off-gas from the reforming
agent regenerator is cooled to a condensation temperature of
the steam or less.
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8. The method of reforming the produced gas according to
claim 1, wherein the reformer introduces and reforms the
produced gas from a 2-tower type gasification furnace oper-
ated at a normal pressure.

9. A device for reforming a produced gas configured to
reform tar contained in the produced gas from a gasification
furnace, the device comprising: a reformer configured to gen-
erate calcium carbonate by introducing the produced gas
from the gasification furnace into the reformer and bringing
the produced gas in contact with quick lime so that the quick
lime absorbs carbon dioxide in the produced gas, and perform
areforming reaction of the tar with calcium as a catalyst using
reaction heat generated when the calcium carbonate is gen-
erated; and a reforming agent regenerator configured to intro-
duce the calcium carbonate in the reformer, auxiliary fuel,
and air to form a fluidized bed, return the calcium carbonate
to the quick lime by burning the calcium carbonate using heat
by combustion of the auxiliary fuel, and supply the quick lime
into the reformer again, and wherein steam is reacted with a
part of the quick lime burnt by the reforming agent regenera-
tor to obtain slaked lime having high activity, and the slaked
lime is supplied into the reformer together with the quick lime
burnt by the reforming agent regenerator.

10. The device for reforming the produced gas according to
claim 9, further comprising a reforming agent activation
device configured to introduce the quick lime burnt by the
reforming agent regenerator, obtain slaked lime having high
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activity by reaction of steam with the quick lime, and con-
tinuously, obtain the quick lime by heating and dehydrating
the slaked lime, and supply the quick lime into the reformer.

11. The device for reforming the produced gas according to
claim 9, further comprising an oxygen supply device config-
ured to supply oxygen, instead of air, into the reforming agent
regenerator, wherein the carbon dioxide is recovered from a
produced gas containing high concentration carbon dioxide
which is obtained by burning calcium carbonate with the
oxygen.

12. The device for reforming the produced gas according to
claim 11, wherein a part of a regenerated off-gas from the
reforming agent regenerator is mixed with the oxygen sup-
plied into the reforming agent regenerator from the oxygen
supply device.

13. The device for reforming the produced gas according to
claim 12, wherein steam is further mixed with the oxygen
supplied into the reforming agent regenerator.

14. The device for reforming the produced gas according to
claim 13, wherein the regenerated off-gas from the reforming
agent regenerator is cooled to a condensation temperature of
the steam or less.

15. The device for reforming the produced gas according to
claim 9, wherein the reformer is connected to a 2-tower type
gasification furnace operated at a normal pressure.
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